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© Polymeric fluorescent substance and organic electroluminescence devices using the same. 

ff) A polymeric fluorescent substance which is soluble in solvents, has a number-average molecular weight of 
® to 1C? and comJins. as main constituents, three different repeating units A, B and C selected from vanous 
Ze^ouZl represented by the lollowing formula (1). wherein the ratios of the respective repeating uruts m 
Z ^n^mPHc subsfance are such that when the repeating unit constituting the polymer hav.ng the longest 

the three different repeating units: 



-Ar-CH = CH- 



(1) 



u a "e a =^i Pn « nrauo havina 6 to 20 carbon atoms, a heterocyclic compound group having 4 to 20 
^ratorns or Td lenTglp "prield by the following formu.a (2). and at .east one of the repeating .nits 
A B So las at least one substituent selected from a.kyl. alkoxy and alkytthio groups having to 22 carbon 
1ms !S aryloxy groups having 6 to 60 carbon atoms and heterocyc.ic compound groups havmg 4 to 60 
carbon atoms: 

-Ar,-X,-R-X2-Ar 2 - (2) 

heterocycL compound group having 1 to 22 carbon atoms: and X, and X, represent independently -O-. -S-. 
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The present invention relates to a polymeric fluorescent substance for organic eleclxolum.nescence 
deviSs (which ml" hereinafter be referred to as EL devices) and the EL devices produced by ^us.nr , such a 
SbSanci Mora particularly, the invention pertains to a polymeric fluorescent substance which is soluble in 
sSng Licence and the organic EL devices with high luminous efficiency produced by 

U5in ^V^XeT^ S o. nC e devices (which may hereinafter be referred to as inorganic EL 
deviSs) using an inorganic fluorescent substance as light emitting material have been applied to venous 
devices) using an .nuru« back-lioht of liquid crystal displays and various display devices 

S^^^XT^^ high-'voltja.ternating current has been retired for 

driV R!cent. d y eV S et al manufactured an organic EL device having a double-layer structure comprising a 

drive, high-efficiency and "'S^'"™" 3 "^ low-voltage drive, high luminance and 

development and .mprovements °* ^ uc * re * ™ ° e " ^ j Appl . Phys ., Vol. 65. 3610. 1989. 
transport compounds, etc. (Jpn. J. Appl. Phys.. Vol. 27. L2bS. iuwj. J. «pp>- / 

^Hitherto low-molecular weight organic fluorescent dyes have been generally used as material of Jhe 
lighting layer. «, regarding po.me. ligh , ^Jjj^ Pg— ™TS "Tea 
SET S^«^aS^S. polyfc-phenyLe vinylene) obtained by 
J 1 '; a sotbt precursor on the electrode and subjecting it to a heat treatment to convert the 

Pr ° C ^^°S£^^ Powers having a salient feature that they - f mse-ves soluble 

^Xt-tuT^ of POMP-Phenylene vinylene) (which may hereinafter be 

, 1 PpTThas been reported that the quantum yield of fluorescence and EL intensity can be 

polymer (Macromolecules Vol. 26 1 P J188 ^ whjch have hitnert0 been rep0 rted. 

However, in manufacture oMJ «JJ C ^ 1^ convert its structure into a conjugated 

it was necessary «° ™" * l^heat treaS,ent. so that there have been restrictions on the material 
polymeric structure by high-temperature neat ueawmsm. =~ neuice Also when a precursor 

usaL for the associated parts such as EJ^SS S^Si ST^SSJjSi 5ioW«y in 
polymer is converted into a c °"' u 9? ,e ? n P ^^ so , ha t such control has not been 
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In the case of soluble conjugated polymers, although no high-temperature heat treatment is necessary 
after formation of the thin film, further improvements are required on luminance and luminous efficiency of 
the produced EL devices. 

Thus, an organic EL device which can be easily made according to a coating method by using a 
polymeric fluorescent substance having good solubility in solvents, high quantum yield of fluorescence and 
excellent electric conductive property has been desired. 

The object of the present invention, therefore, is to provide a polymeric fluorescent substance having 
good solubility in solvents and high quantum yield of fluorescence and operable with low drive voltage, and 
organic EL devices of high luminous efficiency which can be easily made according to a coating method by 
using said fluorescent substance. 

A further object of the present invention is the improvement of luminous efficiency of organic EL 
devices using a polymeric fluorescent substance for the light emitting layer. 

These objects could be achieved on the basis of the finding that a copolymer having side chain groups 
and containing three or more different types of specific structures in a specific ratio in the main chain is 
high in quantum yield of fluorescence, and by using such a copolymer as polymeric fluorescent substance, 
it is possible to easily make an organic EL device having the desired properties according to a coating 
method. 

The present invention comprehends the following embodiments, 
(i) A polymeric fluorescent substance which is soluble in solvents, has a number-average molecular 
weight of 10 3 to 10 7 and contains, as main constituents, three different types of repeating units A, B and 
C selected from various repeating units represented by the formula (1) shown below, wherein the ratios 
of the respective repeating units in the polymeric substance are such that when the repeating unit 
constituting the polymer having the longest optical absorption edge wavelength is expressed by A, the 
repeating unit constituting the polymer having the next longest optical absorption edge wavelength is 
expressed by B and the repeating unit constituting the polymer having the shortest optical absorption 
edge wavelength is expressed by C. A is contained in an amount of 2-60 mol%. B in an amount of 5-60 
mol% and C in an amount of 20-50 mol% based on the total number of the three types of repeating 
units: 

-Ar-CH = CH- (1) 

wherein Ar is a arylene group having 6 to 20 carbon atoms, a heterocyclic compound group having 4 to 
20 carbon atoms or a divalent group represented by the following formula (2), and at least one of A, B 
and C has at least one substituent selected from alkyl, alkoxy and alkylthio groups having 2 to 22 carbon 
atoms, aryl and aryloxy groups having 6 to 60 carbon atoms and heterocyclic compound groups having 
4 to 60 carbon atoms 

-Ar,-X,-R-X2-Ar2- (2) 

wherein Ari and Ar 2 are each a arylene group having 6 to 20 carbon atoms or a heterocyclic compound 
group having 4 to 20 carbon atoms and may contain at least one substituent of at least one species of 
groups selected from alkyl, alkoxy and alkylthio groups having 2 to 22 carbon atoms, aryl and aryloxy 
groups having 6 to 60 carbon atoms and heterocyclic compound groups having 4 to 60 carbon atoms; R 
is a hydrocarbon or heterocyclic compound group having 1 to 22 carbon atoms; and X, and Xj represent 
independently -O-, -S-, -COO- or -OCO-. 

(ii) A polymeric fluorescent substance set forth in (i). wherein X t and Xj in the formula (2) is -0-. 

(iii) A polymeric fluorescent substance set forth in (i). wherein Ar's of the repeating units A B and C are 
an arylene group having 6 to 20 carbon atoms or a heterocyclic compound group having 4 to 20 carbon 
atoms, at least one of the Ar's having at least one substituent of at least one species of group selected 
from alkyl, alkoxy and alkylthio groups having 2 to 22 carbon atoms, aryl and aryloxy groups having 6 to 
60 carbon atoms and heterocyclic compound groups having 4 to 60 carbon atoms, and the difference 
between the peak wavelength of the absorption spectrum and the peak wavelength of the fluorescent 
spectrum of the thin film of said polymeric fluorescent substance is 120 nm or greater. 

(iv) A polymeric fluorescent substance set forth in (iii), containing the repeating units represented by the 
fallowing formulae (3) and (4): 

-Ar 3 -CH = CH-Ar,-CH = CH- (3) 
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-Ars-CH = CH-Ari-CH = CH- (4) 

wherein Ar 3 , Ar 4 and Ars are different from each other and each represent an arylene or heterocyclic 
compound group forming a conjugated bond linked to the vinylene group, and at least one of Ar 3 . Ar* 
s and Ar s is an arylene or heterocyclic compound group having at least one substituent of at least one 
species of group selected from alkyl. alkoxy and alkyhhio groups having 2 to 22 carbon atoms, aryl and 
aryloxy groups having 6 to 60 carbon atoms and heterocyclic compound groups having 4 to 60 carbon 
atoms. 

(v) An organic electroluminescence device at least having a light emitting layer between the electrodes 
to consisting of an anode and a cathode forming a counterpart thereto at least one of which electrodes is 

transparent or semi-transparent, wherein the light-emitting layer comprises a polymeric fluorescent 
substance set forth in (i). (ii), 0") ° r 0 V )- 

(vi) An organic electroluminescence device at least having a light emitting layer between the electrodes 
consisting of an anode and a cathode forming a counterpart thereto at least one of which electrodes is 

rs transparent or semi-transparent, wherein the light emitting layer comprises a polymeric fluorescent 
substance set forth in (i). (ii). (iii) or Gv). and a layer comprising an electron transport compound is 
provided between the cathode and the light emitting layer and adjacent to the light emitting layer. 

(vii) An organic electroluminescence device at least having a light emitting layer between the electrodes 
consisting of an anode and a cathode forming a counterpart thereto at least one of which electrodes is 

20 transparent or semi-transparent, wherein the light emitting layer comprises a polymeric fluorescent 
substance set forth in (i). (ii), (iii) or (iv). and a layer comprising a hole transport compound is provided 
between the anode and the light emitting layer and adjacent to the light emitting layer. 

(viii) An organic electroluminescence device at least having a light emitting layer between the electrodes 
consisting of an anode and a cathode forming a counterpart thereto at least one of which electrodes is 

2S transparent or semi-transparent, wherein the light emitting layer comprises a polymeric fluorescent 
substance set forth in (i). (ii). (iii) or (iv). a layer comprising an electron transport compound is provided 
between the cathode and the light emitting layer and adjacent to the light emitting layer, and a layer 
comprising a hole transport compound is provided between the anode and the light emitting layer and 
adjacent to the light emitting layer. 
30 The polymeric fluorescent substance of the present invention has strong fluorescence and is soluble in 

organic solvents, and it is usable as a light emitting material in organic EL devices, a dye for a dye laser. 

and so on. Also, since a homogeneous light emitting layer can be easily formed by a coating method, the 

organic EL devices of high luminous efficiency according to the present invention can be manufactured very 

©ssily. 

as Further, since the organic EL devices according to this invention use a conjugated polymeric fluores- 
cent substance with high quantum yield of fluorescence and excellent electrically conductive property, 
these devices show excellent luminous properties and are preferably used as flat light source as a back- 
light of liquid crystal displays, flat panel display and the like. 

The polymeric fluorescent substance according to the present invention is described in detail below. 

40 The polymeric fluorescent substance of this invention contains three different types of repeating units A, 
B and C selected from various repeating units represented by formula (1). Regarding light absorption edge 
wavelength of the polymers composed of the above repeating units, the fact is to be noted that the 
absorption edge is present at the longest wavelength in the polymer comprising the repeating units A, and 
at the second longest wavelength in the polymer comprising the repeating units B. In the case of the 

45 polymer comprising the repeating units C, the absorption edge is at the shortest wavelength. As for the ratio 
of the repeating units A. B and C of the polymers, the respective repeating units are contained so that A will 
be 2-60 mol% B will be 5-60 mol% and C will be 20-50 mol% based on the total number of the three types 
of repeating units, the total of A, B and C being 100 mol% or less, based on the total number of all types of 
repeating units which are contained in the polymer. 

so In the EL devices using the polymeric fluorescent substance of the present invention, since lumines- 
cence in the visible region is utilized, the maximum peak wavelength of the fluorescent spectrum of the 
polymeric fluorescent substance in the solid state is preferably in a range of 400 to 800 nm. 

The conjugated polymeric fluorescent substance of the present invention is a conjugated polymer 
soluble in solvents and having a number-average molecular weight of 10' to 10*. The number-average 

ss molecular weight shown here is a value calculated as polystyrene by gel permeation chromatography 
(GPC) using chloroform as solvent. 

In the polymeric fluorescent substance of this invention, when Ar in formula (1) is represented by 
formula (2), the fluorescent substance has a non-conjugated moiety and the conjugated chain length varies 
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depending on its ratio. A short conjugated chain length is preferred for obtaining a polymeric fluorescent 
substance with a high quantum yield of fluorescence, but a long chain length is desirable from the viewpoint 
of charge transfer. In view of this, it is desirable that the repeating units containing Ar of formula (2) hold 75 
mol% or less, preferably 50 mol% or less of the whole repeating units. 
5 In the polymeric fluorescent substance of this invention, when Ar's of formula (1) of the repeating units 

A, B and C are all arylene group or heterocyclic compound group, the polymeric fluorescent substance is of 
a structure with continuous conjugated bonds and has three or more different types of repeating units, each 
of the repeating units having at least one conjugated bond. In a preferred embodiment of the polymeric 
fluorescent substance of this invention, a difference between the peak wavelength of absorption spectrum 

ro and the peak wavelength of fluorescent spectrum of the thin film of the fluorescent substance is 120 nm or 
greater. A more preferred embodiment of the polymeric fluorescent substance of this invention has a 
structure in which the vinylene group and the arylene group or heterocyclic compound group represented 
by the formulae (3) and (4), respectively, are bonded alternatively to form a repeating unit. 

Further, by selecting those of the above repeating units in which a difference between optical 

75 absorption edge energy of the polymer mainly composed of the repeating units A and that of the polymer 
mainly composed of the repeating units C is 0.05 eV or greater, it is possible to obtain a light emitting 
material with high quantum yield of fluorescence. 

Ar's of A, B and C should not be same in chemical structure at the same time and need to be selected 
from at least three different chemical structures. As the repeating unit structures differing in optical 

20 absorption edge energy by 0.05 eV or more, in case Ar's have substituents, there can be exemplified those 
structures in which at least one of their substituents is an alkoxy group, an alkylthio group, an aryloxy group 
or a heterocyclic compound group with 4 or more carbon atoms, or one or two of Ar's of A, B and C is a 
heterocyclic compound group. 

In the case of Ar 3 , Ar 4 and aVs in the formulae (3) and (4), all of these Ar's are made different from 

25 each other and at least one of them is allowed to have substituents, with at least one of such substituents 
being selected from alkoxyi groups, alkylthio groups, aryloxy groups and heterocyclic compounds group 
with 4 or more carbon atoms, or one of Ar 3 and Ars is made a heterocyclic compound group, for obtaining 
a polymeric fluorescent substance with high quantum yield of fluorescence. 

In the polymeric fluorescent substance of this invention, as examples of Ar of formula (1) other than 

30 those represented by formula (2) and examples of Ari and Ar 2 of formula (2) when Ar of formula (1) is 
represented by formula (2), there can be mentioned arylene group having 6 to 20 carbon atoms and 
heterocyclic compound group having 4 to 20 carbon atoms such as divalent aromatic compound groups of 
formula (5) or their derivative groups and divalent heterocyclic compound groups or their derivative groups: 



40 



45 



so 
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wherein Ri to R57 are each a group selected from the group consisting of hydrogen, alkyl, alkoxy and 
10 alkylthio groups having 1 to 20 carbon atoms, aryl and aryloxy groups having 6 to 18 carbon atoms, and 
heterocyclic compound groups having 4 to 14 carbon atoms. 

Of these groups, phenylene, substituted phenylene, biphenylene, substituted biphenylene. naph- 
thaienediyl, substituted naphthalenediyl, anthracene-9,l0-diyl, substituted anthracene-9,l0-diyl, pyridine-2,5- 
diyl, substituted pyridine-2,5-diyl, thienylene and substituted thienylene groups are preferred. Phenylene, 
25 biphenylene, naphthalenediyl, pyridine-2.5-diyl and thienylene groups are especially preferred. 

Referring to substituent groups, examples of alkyl groups having 1 to 20 carbon atoms include methyl, 
ethyl, propyl, butyl, pentyl. hexyl, heptyl, octyl and lauryl. Of these groups, methyl, ethyl, pentyl, hexyl, 
heptyl and octyl are preferred. 

Examples of alkoxy groups having 1 to 20 carbon atoms include methoxy. ethoxy, propoxy. butoxy. 
30 pentyloxy, hexyloxy, heptyloxy, octyioxy and lauryloxy. 

Of these groups, methoxy. ethoxy, pentyloxy, hexyloxy, heptyloxy and octyioxy are preferred. 

Examples of alkylthio groups having 1 to 20 carbon atoms include methylthio, ethytthio. propytthio, 
butylthio, pentylthio, hexylthio, heptylthio, octylthio and laurylthio. Of these groups, methylthio. ethytthio, 
pentylthio, hexylthio, heptylthio and octylthio are preferred, 
as Examples of aryl groups include phenyl. 4-Ci-u alkoxyphenyl (wherein C1-12 represents that alkoxy 

has 1 to 12 carbon atom(s)), 4-Ci-,a alkylphenyl (wherein C,-, 2 represents that alkyl has 1 to 12 carbon 
atom(s)), 1-naphthyl and 2-naphthyl groups. 

An example of aryloxy groups is phenoxy. 

Examples of heterocyclic compound groups of the substituent include 2-thienyl. 2-pyrrolyl. 2-»uryl and 
ao 2-. 3- or 4-pyridyl. 

The polymers of this invention may be random, block or graft copolymers or the polymers having a 
structure intermediate between those of said copolymers, for example, block-type random copolymers. 
Block-type random copolymers or block or graft copolymers are more suited than perfect random 
copolymers for obtaining copolymers with high quantum yield of fluorescence. A repeating unit of 
45 alternating copolymers of two components among the three repeating units can be used preferably in the 
block and block-type random copolymers. 

In the polymeric fluorescent substance of this invention, for obtaining a polymer with good film-forming 
properties such as solubility in solvents, at least one of Ar- S of A B and C should be an arylene or 
heterocyclic compound group which has its aromatic nuclear substituted at least at one position with a 
substituent selected from alkyl. alkoxy and alkylthio groups having 2 to 22 carbon atoms, aryl and aryloxy 
groups having 6 to 60 carbon atoms, and heterocyclic compound groups having 4 to 60 carbon atoms. 

In case Ar of formula (1) is represented by formula (2), since the main chain has a rigid conjugated 
portion and a flexible coupled portion, it is basically not difficult to form a film by dissolving the polymenc 
substance in a solvent but for obtaining a polymer with excellent solubility and film-forming properties, it is 
desirable that an arylene or heterocyclic compound group which has its aromatic nuclear substituted at 
least at one position with a substituent selected from alkyl. alkoxy and alkylthio groups having 2 to 22 
carbon atoms, aryl and aryloxy groups having 6 to 60 carbon atoms and heterocyclic compound groups 
having 4 to 60 carbon atoms be contained in an amount of at least one per one conjugated portion or per 
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molecular weight of 600. 

From the viewpoint of obtaining a copolymer with high solubility, the content of the repeating units 
having these substituents in the polymeric substance is preferably 5 to 100 mol%. preferably 15 to 100 
mol%. 

Examples of good solvents for the polymeric fluorescent substance of this invention are chloroform, 
methylene chloride, dichloroethane, tetrahydrofuran and toluene. The polymeric fluorescent substance of 
this invention can be dissolved in these solvents usually by 0.1 wt% or more, although the solubility differs 
depending on the structure and molecular weight of the fluorescent substance. 

Examples of the substituents include the following: As examples of alkyl groups having 2 to 60 carbon 
atoms, there can be mentioned ethyl, propyl, butyl, pentyl, hexyl, heptyl. octyl and lauryl. of which pentyl. 
hexyl, heptyl and octyl are preferred. As examples of alkoxyl groups, there can be mentioned ethoxy, 
propyloxy, butoxy, pentyloxy, hexyloxy, heptyloxy, octyloxy and lauryloxy. of which pentyloxy, hexyloxy, 
heptyloxy and octyloxy are preferred. As examples of alkyrthio groups, there can be mentioned athyfthio. 
propylthio. butylthio. pentylthio, hexylthio, heptylthio, octylthio and laurylthio, of which pentylthio, hexytthio, 
heptylthio and octylthio are preferred. As examples of aryl groups having 6 to 60 carbon atoms there can 
be mentioned phenyl, 4-Ci-u alkoxyphenyl, 4-d-iz alkylphenyl. 1-naphthyl and 2-naphtyl. As an example 
of aryloxy groups, phenoxy is mentioned. As examples of heterocyclic compound groups having 4 to 60 
carbon atoms, there can be mentioned 2-thienyl, 2-pyrrolyl. 2-furyl, and 2-. 3- or 4-pyridyl. 

In case Ar of formula (1) is represented by formula (2), R in formula (2) is a hydrocarbon or heterocyclic 
compound group having 1 to 22 carbon atoms, and Xi and X2 are independently a group of the formula -O- 
, -S-, -COO- or -OCO-. In view of solubility, stability and easiness of synthesis. Xi and X2 of formula (2) are 
preferably -O-, -COO- or -OCO-. more preferably -0-. 

Examples of the hydrocarbon groups represented by R in formula (2) include methylene, ethylene, 
propylene, butylene, pentylene, hexylene, heptylene, octylene, decylene. laurylene. vinylene, phenylene. 
napthylene and antrtrylene. Of these groups, propylene, butylene, heptylene. hexylene, heptylene, octylene. 
decylene and phenylene are preferred. 

Examples of heterocyclic compound groups include thienylene. furan-2,5-diyl. pyridine-2,3-diyl, pyr- 
idine-2,4-diyl. pyridine-2,5-diyl and pyridine-2.6-diyl. 

The polymerization degree of the polymers of this invention is not specifically defined as it is variable 
depending on the repeating structural units and their ratio, but the number-average molecular weight is 
defined to be in a range of 10 3 to 10 7 . Generally, it is desirable from the aspect of film-forming properties 
that the total number of the repeating units is 4 to 10,000, more preferably 4 to 3,000, even more preferably 
5 to 2,000. 

Use of these polymers soluble in organic solvents proves very advantageous in production of an 
organic EL device. That is, when a film is formed from the solution, it is merely required to remove ths 
solvent by drying from the applied solution, and the same technique can be applied in case a charge 
transport material such as mentioned below is mixed. 

The method for the synthesis of the polymeric fluorescent substance according to this invention is not 
specified, but in case Ar of formula (1) is represented by formula (2), such synthesis may be accomplished, 
for instance, by condensation polymerization of an arylene vinylene oligomer having OH or SH groups at 
both ends of the molecular chain and a hydrocarbon or heterocyclic compound having halide groups at both 
chain ends, condensation polymerization of an arylene vinylene oligomer having OH groups at both chain 
ends and a hydrocarbon or heterocyclic compound having COCI groups at both chain ends, or condensa- 
tion polymerization of an arylene vinylene oligomer having COOH groups at both chain ends and a 
hydrocarbon or heterocyclic compound having halide groups at both chain ends. The structure of the 
arylene vinylene oligomer used must satisfy the above-defined conditions. 

Another method for the synthesis of the polymeric fluorescent substance of this invention is to carry out 
Wittig reaction with compounds of formulae (6) and (7) and a compound of formula (8): 

OHC-Are-Xj-R-Xt-Arr-CHO (6) 

OHC-Ar 8 -CHO (7) 

(Cs Hs)s P + -CH 2 -Ar s -CH 2 -P + -(Ct H 5 ) 3 (8) 

wherein Ars, Ar?, Ars and Ara are independently an arylene or heterocyclic compound group: R is a 
hydrocarbon or heterocyclic compound group having 1 to 22 carbon atoms; and X3 and X* are indepen- 
dently -O-. -S-. -COO- or -OCO-. 

8 
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Here, the compound of formula (6) and the compound of formula (8). and the compound of formula (7) 
and the compound of formula (8) may be bound adjacent to each other to form a vinylene group, but the 
compounds of the same structure or the compound of formula (6) and the compound of formula (7) will not 
be bound adjacent to each other. Therefore by properly selecting the ratio of the compound of formula (6) 
s and the compound of formula (7), it is possible to change the conjugated chain length of the produced 
polymeric fluorescent substance. 

Specifically, a synthesis process for an arylene vinylene copolymer containing ether linkage, which is a 
typical example of polymeric fluorescent substance of this invention, is elucidated below. 

Described here is a process for obtaining an arylene vinylene copolymer containing ether linkage by 
io condensation polymerization of an arylene vinylene oligomer having OH groups at both ends of the 
molecular chain and a hydrocarbon having halide groups at both ends of the molecular chain. 

First, a bis(methyl halide) compound, for instance. 2.5-diheptyloxy-p-xylylene dibromide, is reacted with 
triphenylphosphine in N,N-dimethylformamide to synthesize a phosphonium salt, and this phosphonium salt 
is condensed with a dialdehyde compound and a hydroxyaldehyde compound, for instance, terephthalal- 
»s dehyde and p-hydroxybenzaldehyde. in for example ethanol by using lithium ethoxide to carry out Wittig 
reaction to obtain an arylene vinylene oligomer having OH groups at both ends of the molecular chain. 

Since the extent of the conjugation system can be controlled by adjusting the ratio of dialdehyde 
compound and hydroxyaldehyde compound, this ratio is properly adjusted considering the reactivity and 
intake rate of both compounds so that the conjugation system will fall in the specified region. Then the 
20 reaction product is further subjected to polycondensation with a hydrocarbon having halide groups at both 
ends of the molecular chain, for example 1 .6-dibromo-n-hexane. to obtain an arylene vinylene copolymer 
containing ether linkage. 

Two or more compounds for each component, that is two or more different diphosphonium salts, two or 
more different dialdehyde compounds or/and two or more different hydroxyaldehyde compounds, can be 

25 used to obtain the copolymers. 

Another process for obtaining an arylene vinylene copolymer having ether linkage from Wittig reaction 
of a compound of formula (6) and the compounds of formulae (7) and (8) is illustrated below. 

A bis(methyl halide) compound, for example, 2,5-diheptyloxy-p-xylylene dibromide. is reacted with 
triphenylphosphine in N.N-dimethylformamide to synthesize a phosphonium salt. Separately from this, a 

so hydroxyaldehyde compound, for example, p-hydroxybenzaldehyde, is reacted with potassium hydroxide in 
ethanol to form poiassium phenolate, and the latter is reacted with a hydrocarbon having halide groups at 
both ends of the molecular chain, for example. 1 ,6-dibromo-n-hexane, to synthesize a compound containing 
ether linkage and having aldehyde groups at both ends of the molecular chain. Then this compound and a 
dialdehyde compound of the conjugation system, for example, terephthalaldehyde, and the previously 

as prepared phosphonium salt are condensed in ethanol using lithium ethoxide (Wittig reaction) to obtain an 
arylene vinylene copolymer containing ether linkage. 

In this process, the extent of the conjugation system can be controlled by adjusting the ratio of the 
compound containing ether linkage and having aldehyde groups at both ends of the molecular chain and 
the aldehyde compound of the conjugation system, so that it is recommended to properly adjust the ratio 

40 by taking into consideration the reactivity and intake rate of both compounds so that the conjugation system 
will fait in the specified region. In this case, too, two or more compounds for each component, that is two or 
more different diphosphonium salts, two or more different hydroxyaldehyde compounds or/and two or more 
different dialdehyde compounds, can be used to obtain the copolymers. 

When all of Ar's in formula (1) are arylene groups or heterocyclic compound groups, a typical example 

45 of polymeric fluorescent substance of this invention is an arylene vinylene copolymer. Its synthesis method 
is not specified in this invention, but the objective copolymer can be obtained in the same way as shown in 
jp-A-1 -254734 and JP-A-1-79217. That is. for instance, two or more different bis(methyl halide) compounds, 
for example. 2,5-diethyl-p-xylylene dibromide, 2,5-diheptyloxy-p-xylylene dibromide and p-xylylene 
dibromide are copolymerized in a xylene/t-butyl alcohol mixed solvent by using t-butoxy-potassium 

so (dehydrohalogenation method). In this case, usually a random copolymer is produced, but it is possible to 
obtain a block copolymer by using an oligomer. 

There can also be employed a Wittig reaction process in which the corresponding bis(methyl halide) 
compounds, for example, 2,5-diethyl-p-xylylene dibromide and 2,5-diheptyloxy-p-xyfylene dibromide are 
reacted respectively with triphenylphosphine in N,N-dimethyrformamide to synthesize a phosphonium salt, 

ss and the corresponding dialdehyde compound.for example, terephthalaldehyde. is polymerized in ethyl 
alcohol by using lithium ethoxide. Two or more compounds for each component, that is two or more 
different diphosphonium salts or/and two or more different dialdehyde compounds, can be used to obtain 
the copolymers. It is also possible to employ the sulfonium salt decomposition method in which a 
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corresponding sutfonium salt is polymerized in the presence of an alkali and the resulting product is 
subjected to a sulfonium salt removing treatment. 

When these polymers are used as a light emitting material for organic EL devices, the luminous 
properties of the material are affected by the purity of the polymers, so that the synthesized polymer is 
preferably subjected to purification treatments such as reprecipitation and separation by chromatography. 

Regarding the structure of the organic EL devices produced by using the light emitting material of this 
invention, there are imposed no specific restrictions and a known structure can be employed as far as a 
light emitting material comprising said polymeric fluorescent substance is used in the light emitting layer 
provided between a pair of electrodes at least one of which is transparent or semi-transparent. 

Examples of such structures include one in which a pair of electrodes are provided on both sides of the 
light emitting layer comprising the polymeric fluorescent substance or comprising a mixture of the 
polymeric fluorescent substance and a charge transport material, which is a generic term for electron 
transport material and hole transport material, and one in which an electron transport layer containing an 
electron transport material is laminated between a cathode and a light emitting layer in adjacency to the 
light emitting layer and/or in which a hole transport layer containing a hole transport material is laminated 
between an anode and a light emitting layer, in adjacency to the light emitting layer. 

The light emitting layer and the charge transport layer may each be provided as a single layer or as a 
combination of two or more layers, all of which embodiments are embraced in the scope of the present 
invention. Further, a light emitting material (or materials) other than the polymeric fluorescent substance, 
such as mentioned below, may be mixed in the light emitting layer. Also, the light emitting layer may be 
formed by dispersing the polymeric fluorescent substance and/or charge transport material in a polymeric 
compound. 

As for the charge transport material (electron transport, material or hole transport material) used with a 
polymeric fluorescent substance of this invention, such material is not specified and the known types can 
be used in this invention. For example, as hole transport material, there can be used pyrazoline derivatives, 
arylamine derivatives, stilbene derivatives and triphenyldiamine derivatives. As electron transport material, 
there can be used oxadiazole derivatives, anthraquinodimethane and its derivatives, benzoquinone and its 
derivatives, naphthoquinone and its derivatives, anthraquinone and its derivatives, tetracyanoanth- 
raquinodimethane and its derivatives, fluorenone derivatives, diphenyldicyanoethylene and its derivatives, 
diphenoquinone derivatives, and metal complexes of 8-hydroxyquinoline and its derivatives. More concrete 
examples of these materials are shown in JP-A-63- 70257, JP-A-63-1 75860, JP-A-2-1 35359, J P-A-2- 135361, 
JP-A-2-209988, JP-A-3-37992 and JP-A-3-152184. As hole transport material, triphenyldiamine derivatives 
are preferably used, and as electron transport material, oxadiazole derivatives, benzoquinone and its 
derivatives, anthraquinone and its derivatives, and metal complexes of 8-hydroxyquinoline and its deriva- 
tives are preferably used. More specifically. 4,4'-bis(N(3-methylphenyl)-N-phenylamino)biphenyl is preferred 
as hole transport material, and 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1 ,3.4-oxadiazole, benzoquinone, anth- 
raquinone and tris(8-quinolinol)aluminum are preferred as electron transport material. 

In the present invention, one of these electron transport and hole transport compounds or both of them 
may be used at the same time. Also, these compounds may be used either singly or as a mixture of two or 
more of them. 

When providing a charge transport layer between a light emitting layer and an electrode, it is formed by 
using the charge transport material's). 

When a charge transport material is mixed in the light emitting layer, the amount thereof used varies 
depending on the type of the compounds used and other factors, so that it is properly decided considering 
these factors within the amount range in which the film-forming properties and the luminous properties of 
the compounds are not impaired. Usually, charge transport material is used in an amount of 1 to 40 wt%. 
preferably 2 to 30 wt% based on the light emitting material. 

The light emitting material usable with a polymeric fluorescent substance of this invention is not 
specified; for example, there can be used naphthalene derivatives, anthracene and its derivatives, perylene 
and its derivatives, dyes such as polymethine dyes, xanthene dyes, coumarin dyes and cyanine dyes, 
metal complexes of 8-hydroxyquinoline and its derivatives, aromatic amines, tetraphenylcyclopentadiene 
and its derivatives, tetraphenylbutadiene and its derivatives. More specifically, those mentioned in JP-A-57- 
51781 and JP-A-59-1 94393 can be used. 

A preferred process for producing an organic EL device using a light emitting material of this invention 
is described below. 

A pair of transparent or semi-transparent electrodes, consisting ol anode and cathode, are provided on 
a transparent substrate made of e.g. glass or transparent plastic. 
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As anode material, a conductive metal oxide film, a semi-transparent thin metallic film or the hke ,s 
used Specifically, a film formed by using conductive glass composed of indium-t.n-ox.de (ITO). ton oxide, or 
a film ol F Au. Pi. Ag or Cu is used. Known film forming techniques such as vacuum depos.tion. spattering or 
plating can be employed for forming said film. , _ . 

On this anode is formed a light emitting layer containing the polymer or the polymer and charge 
transport material. This light emitting layer can be formed by coating a polymer solution, a m.xed soluton of 
me materials or a molten polymer on the anode by a known coating method such as spin coating casing 
dipping, bar coating or roll coating. Preferably, a film is formed by coating said solut.on or m.xed solution 
by spin coating, casting, dipping, bar coating or roll coating. . 1U . ,, . ■„ „ 

The light emitting layer thickness is 0.5 nm to 10 um. preferably 1 nm to 1 urn. A th.ckness in a range 
of 10 to 500 nm is preferred for increasing current density to elevate luminous erfic.ency. 

When a thin film was formed by said coating method, the formed film ,s preferably dried by heating at 
30-200 "C preferably 60-1 00 -C. under reduced pressure or an inert atmosphere for remov.ng the solvent 

When' forming a laminate of said light emitting layer and charge transport layer, preferably a hole 
transport layer is formed on the anode before the light emitting layer is provided by the above coating 
method, and/or after the light emitting layer is provided, an electron transport layer ,s formed thereon. 

The method for forming the charge transport layer is not specified in th.s invention: for example, .t may 
be formed by vacuum deposition of a charge transport material in a powdery form, or by coatin£ , a t so .tut on 
of said material by an appropriate coating method such as spin coating, casting, dipping, bar coat, ng or roH 
coating or by mixing and dispersing a polymeric compound and a charge transport matenal in a molten 
state or a state of solution and coating the suspension by a suitable coating method such as ^coating 
casting dipping, bar coating or roll coating . The polymeric compound to be m.xed is not specified Dirt 
such polymeric compound is preferably one which does not impede charge transport to any significant 
degree A,so. a compound which does not have strong visible light absorptivity .s prefe^bly used. 
Examples of such compounds are po.y(N-vinylcarbazole). po.yaniline and its derivatives, po W°P*°™ and 
its derivatives. poly(p-phenvlene vinylene) and its derivatives, poly(2.5-th,enylene viny ene) and its deri- 
ves polycarbonate^ .polyacryla.es. polymethyl acrylate. polymethylmethacrylate, polystyrenes, polyvmy. 
Side! and po^oxa^es. For forming the. film, coating method is preferably employed because of easy 

^rthfc^i'rt the charge transport layer needs to be large enough to prevent formation of Pinholes, 
but a too large thickness is undesirab.e as it increases element resistance to necessitate a h.gh drive 
voltage- In view of this, the recommended thickness of the charge transport layer .s 0.5 nm to 10 um. 
nrafarablv 1 nm to 1 u.m. more preferably 5 to 200 nm. 

P Sen an Ictrode is provided on the light emitting layer or electron transport .ayer This electrode 
seives as an e.ectron injection cathode. The material thereof is not specified, but a matenal wrth small work 
S is preferred. For example, Al, In. Mg. Mg-Ag alloy. In-Ag alloy. Mg-.n alloy and graphite^ can be 
used. Vacuum deposition, spattering or other suitable techniques may be used for forming the cathode. 

The most remarkable feature of the polymeric fluorescent substance of this invention in use as a light 
emitting material is that because of relatively high melting point and decomposition temperature, t is 
Z Sy^tab e high in quantum yield of fluorescence and capable of forming a highly homogeneous I ght 
emMng layer with ease by a coating method, and it therefore allows very easy manufacture of high- 
luminance and low-drive-voltage organic EL devices. avam . M whirh _„ ma „| V 

The present invention is further illustrated below with reference to the examples, which- are merely 
intended to be illustrative and not to be construed as limiting the scope of the inverrton. 

Example 1 

<Synthesis of polymeric fluorescent substance 1> 

2 5-diheptvloxy-p-xylylene dibromide was reacted with triphenylphosphine in N.N-dimethyl-formamide 
to synr s ^hos?honium saK A. Meanwhile, p-hydroxybenzaldehyde was reacted withj potassium 
hydroxide in ethanol to form potassium phenolate and the latter was further reacted with 1 f^ b '°™£ 
hexane to synthesize a dialdehyde compound B. 10.2 parts by weight of phosphon.um salt A. 1*2 pa* by 
St of dialdehyde compound 8 and 0.67 parts by weight of terephthalald ™° ^f.^ 
Tthanol An ethanol solution containing 1.56 parts by weight of .ithium ethoxide was added dropwise ^.nto 
«Tethanol solution of phosphonium salt and dialdehyde and polymerized at room temperature for 3 hours^ 
The reaction solution was left at room temperature overnight and the precipitate was filtered out. washed 
w^th SSS tfssolved in ch.oroform and reprecipitated with ethanol. The resultant product was dned .n 
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vacuo to obtain 2.3 parts by weight of a polymer. This polymer is called polymeric fluorescent substance 1 . 

The repeating units of the obtained polymeric fluorescent substrate 1 and their molar ratio are shown 
below. 



C 7 H, s O 



0-CH 2 -(CH 2 ) t -CH 2 -0— ^ CH=CH4- = 50 : 25 : 25 



C 

The number-average molecular weight of the polymeric fluorescent substance 1, calculated as polysty- 
rene by gel permeation chromatography (GPC) using chloroform as solvent, was 1.3 x 10*. The structure of 
said polymeric fluorescent substance 1 was confirmed by infrared absorption spectrum and NMR. 

<Measurement of fluorescent spectrum and evaluation of quantum yield of fluorescence> 

The polymeric fluorescent substance 1 could be easily dissolved in chloroform. A 0.05% chloroform 
solution of this polymeric fluorescent substance was spin coated on a quartz plate to form a thin film of said 
polymer. The fluorescence spectrum of this thin film was measured by Fluorospectrophotometer 850 of 
Hitachi Ltd. The fluorescence spectrum of the film when excited at 410 nm was used for calculation of 
quantum yield of fluorescence. Intensity of fluorescence was shown as relative value determined by dividing 
the area of fluorescence spectrucm plotted with wavelength as abscissa by absorbance at 410 nm. 
Fluorescence intensity (relative value of quantum yield of fluorescence) of the polymeric fluorescent 
substance 1 was high as seen from Table 1 . 

<Manufacture and evaluation of EL device> 

To a glass substrate deposited with a 40 nm thick ITO film by spattering, a 1.0 wt% chloroform solution 
of the polymeric fluorescent substance was dip-coated to form a 50 nm thick film on said substrate. The 
coating film was dried in vacuo at 80 *C for one hour and then tris(8-quinolinol)aluminum (which may 
hereinafter be abbreviated as Alq 3 ) was deposited thereon at a rate of 0.1-0.2 nm/sec to form a 70 nm thick 
electron transport layer. Lastly a magnesium-silver alloy (Mg:Ag = 9:1 by weight) was deposited thereon to 
a thickness of 150 nm as cathode to make an organic EL device. The degree of vacuum in which deposition 
was carried out was below 8 x 10 -4 Torr in all cases. 

When a voltage of 1 1 .0 V was applied to this device, there was induced a flow of electricity with a 
current density of 225 mA/cm 2 and yellowish green electroluminesence with a luminance of 2,780 cd/m 2 
was observed. Luminance was almost proportional to current density. The EL peak wavelength was about 
540 nm, which substantially agreed with the peak wavelength of fluorescence of the thin film of polymeric 
fluorescent substance 1. whereby electroluminescence from the polymeric fluorescent substance 1 was 
confirmed. 

Example 2 

< Synthesis of polymeric fluorescent substance 2> 

2.5-dioctyloxy-p-xylylene dibromide was reacted with triphenylphosphine in N,N-dimethylformamide to 
synthesize a phosphonium salt C. 10.5 parts by weight of this phosphonium salt C, 1.62 parts by weight of 
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the dialdehyde compound B obtained in Example 1 and 1.05 parts by weight of M'-diformyl-b.phenyl were 
dissolved in ethanol. An ethanol solution containing 1.56 parts by weight of lithium ethox.de was added 
dropwise into the ethanol solution of phosphonium salt and dialdehyde and polymerized at room tempera- 
ture for 3 hours. The reaction solution was left at room temperature overnight and the precipitate was 
filtered out washed with ethanol, dissolved in chloroform and reprecipitated with ethanol. The resulting 
product was dried in vacuo to obtain 3.2 parts by weight of a polymer. This polymer is called polymenc 

fluorescent substance 2. . 

The repeating units of the obtained polymeric fluorescent substance 2 and their molar ratio are shown 

below. 

• -{o-o— )- • 




-(^y 0-CH 2 - ( CH 2 ) t -CH 2 -0 -Q- CH-CH}- 



■ 50 : 25 : 25 
C 

The number-average molecular weight of the polymeric fluorescent substance 2. calculated as polysty- 
rene, was 1.4 x 10*. 

Measurement of fluorescence spectrum and evaluation of quantum yield of fluorescence> 

An organic EL device was produced by following the same procedure as in Example 1 except fcr un of 
polymeric fluorescent substance 2 in place of polymeric fluorescent substance 1. When a voltage of 10.8 V 
was applied to this device, there was generated a current of electricity with a current density of 58 mA/cm 
and bluish green electroluminescence with a luminance of 1034 cd/m* was observed. Luminance was 
almost proportional to current density. The EL peak wavelength was about 500 nm, which substantially 
agreed with the peak wavelength of fluorescence of the thin with the peak wavelength of fluorescence of the 
thin film of polymeric fluorescent substance 2, by which electroluminescence from the polymenc fluores- 
cent substance 2 was confirmed. 

Example 3 

<Synthesis of polymeric fluorescent substance 3> 

10 5 parts by weight of phosphonium salt C obtained in Example 2. 2.6 parts by weight of dialdehyde 
compound B obtained in Example 1 and 0.27 parts by weight of terephthalaldehyde were dissolved in 
ethanol. An ethanol solution containing 1.56 parts by weight of lithium ethoxide was added dropw.se into the 
ethanol solution of phosphonium salt and dialdehyde and polymerized at room temperature for 3 hours. The 
reaction solution was left at room temperature overnight and the precipitate was filtered out washed wrth 
ethanol dissolved in chloroform and reprecipitated Wrth ethanol. The resulting product was dried in vacuo to 
obtain 2 7 parts by weight of a polymer. This polymer is called polymeric fluorescent substance 3. 

The' repeating units of the obtained polymeric fluorescent substance 3 and their molar ratio are shown 
below. 
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OC7H 1s 



C 7 H ls O 



CH 




A 



B 




^j^-0-CH 2 - ( CH 2 ) <-CH 2 -0 

C 



^0~ ch=ch )" 



50 



10 



40 



The number-average molecular weight of this polymeric fluorescent substance 3, calculated as 
polystyrene, was 1.0 x 10'. 

<Measurement of fluorescence spectrum and evaluation of quantum yield of fluorescence> 

The intensity of fluorescence and peak wavelength of the fluorescence spectrum were determined in 
the same way as in Example 1 . The intensity of fluorescence of the polymeric fluorescent substance 3 was 
high as shown in Table 1. 

< Manufacture and evaluation of EL device> 

An organic EL device was produced by following the same procedure as Example 1 except for use of 
polymeric fluorescent substance 3 in place of polymeric fluorescent substance 1. When a voltage of 12.5 V 
was applied to the device, there was caused a current of electricity with a current density of 283 mA/cm 2 
and green electroluminescence with a luminance of 4,390 cd/m z was observed. Luminance was almost 
proportional to current density. The EL peak wavelength was about 522 nm, which substantially agreed with 
the peak wavelength of fluorescence of the thin film of polymeric fluorescent substance 3. which confirmed 
electroluminescence from the polymeric fluorescent substance 3. 

Comparative Example 1 

<Synthesis of polymeric fluorescent substance 4> 

7.4 parts by weight of phosphonium salt A obtained in Example 1 and 1.0 part by weight of 
terephthalaldehyde were dissolved in ethanol. An ethanol solution containing 0.9 parts by weight of lithium 
ethoxide was added dropwise into the ethanol solution of phosphonium salt and dialdehyde and polymer- 
ized at room temperature for 3 hours. The reaction solution was left at room temperature overnight and the 
precipitate was filtered out, washed with ethanol, dissolved in chloroform and reprecipitated with ethanol. 
The resulting product was dried in vacuo to obtain 1 .5 parts by weight of a polymer. This polymer is called 
polymeric fluorescent substance 4. 

The repeating units of this polymeric fluorescent substance 4 and their molar ratio are shown below. 



The number-average molecular weight of the polymeric fluorescent substance 4, calculated as polysty- 
rene, was 1 .0 x 10 4 . 





= 50 



50 



C 7 H, s O 
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Measurement of fluorescence spectrum and evaluation of quantum yield of fluorescence 

The intensity of fluorescence and peak wavelength of the fluorescence spectrum were determined in 
the £L way as in Example 1. The intensity of fiuorescence of the polymeric fluorescent substance 4 was 
lower than that of the polymeric fluorescent substance 1 of Example 1 as shown m Table 1. 

Manufacture and evaluation of EL device> 

An oraanic EL device was produced by following the procedure of Example 1 except for use ^of 
pol y me«scenfsubstance 4 in place of polymeric fluorescent substance , 1 When y^geoM^V 
was applied to this device, there was induced a flow of electricity w.th a current density of 760 mA/cm and 
r e ltoSgrel electroluminescence with a luminance of 2,770 cd/m* was observed. 

pC^onJ to current density. The EL peak wavelength was about 550 nm, which *£^*^JZ& 
L peak wavelength of fluorescence of the thin film of polymenc fluorescent substance 4. by wh.ch 
electroluminescence from the polymeric fluorescent substance 4 was confirmed. 

Comparative Example 2 

<Synthesis of polymeric fluorescent substance 5> 

10 2 parts by weight of phosphonium salt A and 3.2 parts by weight of dialdehyde compound B both 
. . ™~. r TL , were dissolved in 70 parts by. weight of ethanol. In a separate operat.on. 0.3 parts 
t^J^L^ZSS^TO parts'by weight of ethanol to obtain .ithium ethoxide A jojjon- 
Ms Whium ethoxide was added dropwise into the ethanol solution of phosphon.um salt and d.aldehyde and 
oo yme^d S room temperature according to Wittig reaction. The precipitate was filtered out was^ 
SS and dried to obtain 0.5 parts by weigh, of a polymer. This polymer is called polymenc fluorescent 

SUb Te C repeating units of the obtained po.ymeric fluorescent substance 5 and their molar ratio are shown 
below. 



«0" 

C 7 H«0 



OC7H15 



CH=CHy 



_^=^-0-CH 2 - ( CK 2 ) <-CH 2 -0 -^Jr- ' 



50 



The number-average molecular weight of this polymeric fluorescent substance 5. calculated as 
polystyrene, was 6.9 x 10 3 . 

Measurement of fluorescence spectrum and evaluation of quantum yield of fluorescence 

Th„ int B nciw of fluorescence was determined in the same way as in Example 1. The intensity of 
nJ^^^X!^^^ substance 5 was higher than that of the po.ymeric fluorescent 
substance 1 of Example 1 as shown in Table 1. 

Manufacture and evaluation of EL device) 

An oroanic EL device was produced by following the same procedure as in Example 1 except for use of 
*. Sine. 5 in place of the polymeric fiuorescen, substanc. 
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peak wavelengths (504 and 528 nm) of fluorescence of the thin film of polymeric fluorescent substance 
by which electroluminescence from the polymeric fluorescent substance 5 was confirmed. 




As is seen from the above, the polymeric fluorescent substance 1 , 2 and 3 of Examples 1, 2 and 3 were 
excellent in both electric conductivity and quantum efficiency, and the organic EL devices produced by 
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and 2. 
Example 4 

<Synthesis of polymeric fluorescent substance 6> 



2 5-diethyl-p-xylylene dibromide was reacted with triphenylphosphine in N -N^rnethyHorrnamide ^ to 
2.5 dietnyi p-xyiy.ene u.u phosphonium salt D, 1.0 part by weight of 

synthesize a phosphon.um salt °-*^^J%™'W£l vvei g ht 0 , , ere phthalaJdehyde were dissolved in 



-(0- 

C 2 H 5 



C 2 H S 

CH =CH^ = 10 : 50 : 40 



2860 cm"' were observed on the infrared absorption spectrum. 

measurement of absorption spectrum and fluorescence spectrum and evaluation of quantum yield of 
40 fluorescence> 

50 Example 5 

<Synthesis of po.ymeric fluorescent substance 7. measurement of absorption and fluorescence spectra and 
evaluation of quantum yield of fluorescence> 

phosphonhim »II A ob»n.a ,n B«mp1. 1 S «™> ..hi** was «J*«1 dropwise into 
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The reaction solution was left at room temperature overnight and the precipitate was filtered out washed 
w.th ethanol. dissolved in chloroform and reprecipitated with ethanol. The resulting product was dried in 
vacuo to obtain 2.28 parts by weight of a polymer. This polymer is called polymeric fluorescent substance 
7. The repeating units of this polymeric fluorescent substance 7 and their molar ratio are shown below. 

C 2 H 5 ^ OC7H,S 
-XQ-CH-ChJ : -f^>CH=CH} s 



C 7 H 1S 0 



-«r> cH=cH } 



= 5.9 



50 : 44.1 



The number-average molecular weight of the polymeric fluorescent substance 7, calculate as polysty- 
20 rene, was 8.4 x 10 3 . The intensity of fluorescence and peak wavelength on the fluorescence spectrum were 
determined in the same way as in Example 1, and the absorption peak wavelength was determined by the 
method of Example 4. 

The intensity of fluorescence of the polymeric fluorescent substance 7 was very high as shown in Table 
2. The difference between peak wavelength on absorption spectrum of the thin film and peak wavelength on 
25 its fluorescence spectrum was 1 29 nm. 

Comparative Example 3 

<Synthetis of polymeric fluorecent substance 4, measurement of fluorescence spectrum and evaluation of 
30 quantum yield of fluorescence> 

Regarding the polymeric fluorescent substance 4 synthesized in Comparative Example 2, the intensity 
of its fluorescence and the peak wavelength on its fluorescence spectrum were determined in the same way 
as in Example 1 and the peak wavelength on the absorption spectrum was determined by the method of 
ss Example 4. The intensity of fluorescence of the polymeric fluorescent substance 4 was weak as shown in 
Table 2. and the difference between peak wavelength on the absorption spectrum of the thin film and peak 
wavelength on its fluorescence spectrum was only 85 nm. 

Comparative Example 4 

<Synthesis of polymeric fluorescent substance 8. measurment of absorption and fluorescence spectra and 
evaluation of quantum yield of fluorescence> 

A xylene solution containing 3.0 parts by weight of 2.5-diheptyloxy-p-xylylene dibromide was added 
dropwise into a tert-butanol solution containing 30 parts by weight of t-butoxy potassium and refluxed under 
heating for 7 hours. The polymerization solution was cooled to room temperature and poured into methanol. 
The red precipitate that formed was filtered out. washed with methanol and ethanol. dissolved in chloroform 
and reprecipitated with ethanol. The resulting product was dried in vacuo to obtain 1.0 part by weight of a 
polymer. This polymer is called polymeric fluorescent substance 8. The repeating units of this polymeric 
fluorescent substance 8 are shown below. 



40 




C7H15O 
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The number-average molecular weight of the polymeric fluorescent substance 8. calculated as polysty- 
«n. oTlOT The intensity of fluorescence and peak wavelength on the fluorescence spectrum were 
m^uTdln L ^ waTas t Example 1. and the peak wavelength on the absorption spectrum was 
measured m ow same , y intensity of fluorescence of the polymenc fluorescent 

t^^V^TS l? n T°^ 2. The difference between peak wavelength on absorption 
spectrum of the thin film and peak wavelength on its fluorescence spectrum was only 95 nm. 
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As is seen from the above, the polymeric fluorescent substance 6 and 7 of Examples 4 and 5 had very 
high quantum yield of fluorescence as compared with the polymeric fluorescent substances 4 and 8 of 
Comparative Examples 3 and 4. 
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Example 6 

<Manufacure and evaluation of EL davice> 



10 



An organic EL device was produced by following the procedure of Example 1 except for use of the 
polymeric fluorescent substance 6 synthesized in Example 4 in place of the polymeric fluorescent 
substance 1 synthesized in Example 1. When a voltage of 10.0 V was applied to th.s device, there was 
generated an electric current of 158 mA/cm* and yellowish green electroluminescence with a luminance of 
649 cd/m= was observed. Luminance was proportional to current density. The EL spectrum substantially 
agreed with the fluorescence spectrum of the thin film of the polymeric fluorescent substance 6. which 
confirmed electroluminescence from the polymeric fluorescent substance 6. 



Example 7 

rs <Manufacture of EL device and its evaluation> 
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An organic EL device was produced by following the procedure of Example 1 except for use of the 
polymeric fluorescent substance 7 synthesized in Example 5 in place of the polymeric fluorescent 
substance 1 synthesized in Example 1. When a voltage of 9.2 V was applied to th.s device, there was 
induced a flow of electricity with a current density of 74 mA/cm* and yellowish green electroluminescence 
with a luminance of 1,104 cd/m 2 was observed. Luminance was proportional to current density. The EL 
spectrum substantially agreed with the fluorescence spectrum of the thin film of the polymeric fluorescent 
substance 7 whereby electroluminescence from the polymeric fluorescent substance 7 was confirmed. 
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1 A polymeric fluorescent substance which is soluble in solvents, has a number-average molecular weight 
of 10 3 to 10 7 and contains, as main constituents, three different repeating units A B and C selected 
from the repeating units represented by the following formula (1). wherein the ratios of the respective 
repeating units in the polymeric substance are such that when the repeating un ,t consMrtng the 
polymer having the longest optical absorption edge wavelength is expressed by A, the repeating unit 
constituting the polymer having the next longest optical absorption edge wavelength .s expressed by B 
and the repeating unit constituting the polymer having the shortest optical absorption edge wavelength 
is expressed by C. A is contained in an amount of 2-60 mol%. 8 in an amount of 5-60 moU and C in 
an amount of 20-50 mol% based on the total number of the three different repeating units: 

-Ar-CH = CH- (1) 

wherein Ar is a arylene group having 6 to 20 carbon atoms, a heterocyclic compound group having A L to 
20 carbon atoms or a divalent group represented by the following formula (2) and at least one of the 
repeating units A. B and C has at least one substituent group selected from alkyl. alkoxy and alkylth.o 
groups having 2 to 22 carbon atoms, aryl and aryloxy groups having 6 to 60 carbon atoms and 
heterocyclic compound groups having 4 to 60 carbon atoms: 

45 -Ar,-X,-R-X2-Ar2- (2) 

wherein Ar, and Ar 2 are respectively a arylene group having 6 to 20 carbon atoms or a heterocyclic 
compound group having 4 to 20 carbon atoms and optionally contains at least one substituent of at 
least one species of group selected from alkyl. alkoxy and alkyfthio groups having 2 to 22 carbon 
atoms, ary. and aryloxy groups having 6 to 60 carbon atoms and heterocyclic compound groups having 
4 to 60 carbon atoms; R is a hydrocarbon or heterocyclic compound group having 1 to 22 carbon 
atoms: and X, and X 2 represent independently -O-. -S-. -COO or -OCO-. 

2. A polymeric fluorescent substance according to Claim 1 . wherein X, and X* in the formula (2) are -O-. 

" 3. A polymeric fluorescent substance according to Claim 1. wherein the Ar groups in the repeating , units 
A B and C are a arylene group having 6 to 20 carbon atoms or a heterocycl.c compound group having 
4 to 20 carbon atoms, at least one of said Ar groups having at least one substituent of at least one 
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species of group selected from alkyl. alkoxy and alkyfthio groups having 2 to 22 carbon atoms, aryl and 
aryloxy groups having 6 to 60 carbon atoms and heterocyclic compound groups having 4 to 60 carbon 
atoms, and the difference between the peak wavelength of an absorption spectrum and the peak 
wavelength of a fluorescence spectrum of a thin film of said polymeric fluorescent substance is 120 nm 
or greater. 

4. A polymeric fluorescent substance according to Claim 3 containing the repeating units represented by 
the following formulae (3) and (4): 

-Ar 3 -CH = CH-An-CH = CH- (3) 

-Ar s -CH = CH-Ar i -CH = CH- (4) 

wherein Ar 3 , Ar« and Ar 5 are different from each other and each represent an arylene or heterocyclic 
compound group forming a conjugated bond linked to a vinylene group, and at least one of Arj. Ar» 
and Ars is an arylene or heterocyclic compound group having at least one substituent of at least one 
species of group selected from alkyl, alkoxy and alkylthio groups having 2 to 22 carbon atoms, aryl and 
aryloxy groups having 6 to 60 carbon atoms and heterocyclic compound groups having 4 to 60 carbon 
atoms. 

5. An organic electroluminescence device at least having a light emitting layer between the electrodes 
consisting of an anode and a cathode forming a counterpart thereto at least one of which electrodes is 
transparent or semi-transparent, wherein said light emitting layer comprises a polymeric fluorescent 
substance set forth in Claim 1, 2, 3 or 4. 

6. An organic electroluminescence device at least having a light emitting layer between the electrodes 
consisting of an anode and a cathode forming a counterpart thereto at least one of which electrodes is 
transparent or semi-transparent, wherein said light emitting layer comprises a polymeric fluorescent 
substance set forth in Claim 1. 2. 3 or 4. and a layer comprising an electron transport compound is 
provided between said cathode and light emitting layer, in adjacency to said light emitting layer. 

7. An organic electroluminescence device at least having a light emitting layer between the electrodes 
consisting of an anode and a cathode forming a counterpart thereto at least one of which electrodes is 
transparent or semi-transparent, wherein said light emitting layer comprises a polymeric fluorescent 
substance set forth in Claim 1, 2, 3 or 4, and a layer comprising a hole transport compound is provided 
between said anode and light emitting layer, in adjacency to said light emitting layer. 

8. An organic electroluminescence device at least having a light emitting layer between the electrodes 
consisting of an anode and a cathode forming a counterpart thereto at least one of which electrodes is 
transparent or semi-transparent, wherein said light emitting layer comprises a polymeric fluorescent 
substance set forth in Claim 1, 2, 3 or 4, and a layer comprising an electron transport compound is 
provided between said cathode and light emitting layer, in ajdacency to said light emitting layer, and a 
layer comprising a hole transport compound is provided between said anode and light emtting layer, in 
ajdacency to said light emitting layer. 
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